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The standard electroweak model with Dirac neutrinos is extended by way of the prin-
ciples of electroweak quark–lepton symmetry and weak topological-charge confinement
to account for quark–lepton charge relations which, if not accidental, are indicative of
charge structures. A mixing in quarks and leptons of underlying integer local charges
with integer weak topological charges associated with an additive group Z3, fixed by the
anomaly cancellation requirement, is discussed. It is found that the electroweak difference
between topological quarks and leptons is the nonequivalence between the topological
vacua of their weak field configurations, produced by a four-instanton which carries the
topological charge, induces the universal fractional piece of charge distinguishing quarks
from leptons, and breaks the underlying symmetry. The constituent quarks of the stan-
dard model appear as coming from topological quarks, via the weak four-instanton event.
Dual transitions occur for leptons. It is shown that several other fundamental problems
left open in the standard electroweak model with Dirac neutrinos are solved: the one-to-
one correspondence between quark and lepton flavors, the existence of three generations,
the conservation and ungauging of B − L, the electric charge quantization, and the
confinement of fractional electric charges.
Keywords: Nonperturbative effects; charge symmetries; gauge anomalies; Chern–Simons
fields; quark–lepton families; electric charge quantization; fractional charge confinement.
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1. Introduction
In spite of the success of the SU(2)L ×U(1)Y Standard Model (SM) of electroweak
interactions,1–3 there are many puzzling questions that demand its extension to new
physics. We name the following ones which are somehow related to each other: the
discovery of neutrino mass, the evidence of a one-to-one correspondence between
quark and lepton flavors, the existence of three families of quarks and leptons,
the observed conservation and ungauging of the baryon minus lepton number, the
fact that the electric charge is quantized, and the confinement of fractional electric
charges. All these questions have been addressed by ambitious programs, including
the theories of grand unification4,5 and strings,6 which invoke physics near the
Planck scale.
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The purpose of this paper is to answer the above deep questions at the (low-
energy) level of the SM extended with Dirac right-handed neutrinos. Here we men-
tion that even though there are evidences for nonzero neutrino masses from neutrino
oscillation experiments,7 no light on their Dirac or Majorana character has been
shed yet; search for Majorana neutrino effects in double-beta decays, however, cur-
rently has no positive results.
As recently noted,8,9 once Dirac right-handed neutrinos are included for con-
sidering massive neutrinos, an electroweak quark–lepton symmetry is established,
manifested in part through the following patterns of normalized weak hypercharge:
Y (uaL) = Y (νaL) +
4
3
=
1
3
, Y (daL) = Y (eaL) +
4
3
=
1
3
,
Y (uaR) = Y (νaR) +
4
3
=
4
3
, Y (daR) = Y (eaR) +
4
3
= −
2
3
,
(1)
as well as normalized electric charge:
Q(ua) = Q(νa) +
2
3
=
2
3
, Q(da) = Q(ea) +
2
3
= −
1
3
, (2)
where the subscript a denotes the three generations and the conventional relation
Q = T3 +
1
2
Y (3)
between electric charge and hypercharge is being used.
To capture the true meaning of the global fractional piece of hypercharge, how-
ever, we now claim that this part, which is not affected by the local electroweak
interactions, is just 4/3 times −(3B − L) and obviously a good global symmetry
of the SM, where B and L are the usual baryon and lepton numbers and the 3 is
due to the number of quark colors. Thus, the hypercharge of a quark and its lepton
partner are actually related according to
Y (q) = Y (ℓ)−
4
3
(3B − L)(ℓ) ,
Y (ℓ) = Y (q)−
4
3
(3B − L)(q) ,
(4)
where we have suppressed the subscripts L, R, and used the property
(3B − L)(ℓ) = −(3B − L)(q) . (5)
In turn, using Eq. (3) with the discrete symmetry T3(q) = T3(ℓ) between quark and
lepton partners, Eq. (2) becomes shaped as
Q(q) = Q(ℓ)−
2
3
(3B − L)(ℓ) ,
Q(ℓ) = Q(q)−
2
3
(3B − L)(q) .
(6)
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On the other hand, the term 4/3 in Eq. (1) can also be expressed as the difference
of B−L between quarks and leptons. This implies a relation for the charges of quark
and lepton partners having the form
Y (q)− (B − L)(q) = Y (ℓ)− (B − L)(ℓ) . (7)
The corresponding formula in terms of electric charge is
Q(q)−
1
2
(B − L)(q) = Q(ℓ)−
1
2
(B − L)(ℓ) . (8)
The crucial question that next follows is whether the charge relations between
quark and lepton partners in Eqs. (4) and (7) are real or accidental. Real in the sense
that simple and direct principles on discrete symmetries exist which lead to these
charge connections, somehow extending to the electromagnetic sector the discrete
symmetry found in the weak sector and known as quark–lepton symmetry.10,11
Accidental in the sense that the charge relations are just interplays of independent
contributions of the hypercharge, baryon and lepton quantum numbers assigned to
quarks and leptons, with the rather magical result that the new charge Y − 4(3B−
L)/3 of a quark (lepton) is identical to the Y of its lepton (quark) partner, and the
one defined as Y − (B − L) is the same for both of them.
It is hard to believe that the interplay of the Y , B, and L quantum numbers
of quarks and leptons in Eqs. (4) and (7) be accidental. If the charge relations
are real and simple and direct discrete symmetries are behind, one concludes on a
symmetric charge structure such that each quark (lepton) has an underlying integer
(fractional) charge equal to that of its lepton (quark) partner. We refer to these new
bare charge states as prequarks (preleptons) and denote them as qˆ (ℓˆ). Specifically,
from Eq. (4) one has a charge dequantization according to the following form:
Y (q) = Y (qˆ)−
4
3
(B − 3L)(qˆ) ,
Y (ℓ) = Y (ℓˆ)−
4
3
(B − 3L)(ℓˆ) ,
(9)
with prequark–lepton and prelepton–quark charge symmetries given by
Y (qˆ) = Y (ℓ) , Y (ℓˆ) = Y (q) ,
(B − 3L)(qˆ) = (3B − L)(ℓ) = −(3B − L)(q) ,
(B − 3L)(ℓˆ) = (3B − L)(q) = −(3B − L)(ℓ) .
(10)
In Eq. (9) we have the 4/3 associated with the combination B−3L in place of 3B−L
because prequarks (preleptons) are the ones that now possess integer (fractional)
charges. The charge −4(B − 3L)/3 is therefore the global charge-shift which nor-
malizes the prefermion charges to the SM values. From Eq. (10) we readily obtain
B(qˆ) = −1 and L(ℓˆ) = −1/3. Thus, B − L and not B − 3L is the same for quarks
(prequarks) and preleptons (leptons). We see that the B−3L in Eq. (9) is essentially
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a bookkeeping global charge based on counting such that three preleptons make a
system with an integer hypercharge and one unit of B − L charge, just as three
quarks do.
From Eq. (7) instead one has
Y (q)− (B − L)(q) = Y (qˆ)− (B − L)(qˆ) ,
Y (ℓ)− (B − L)(ℓ) = Y (ℓˆ)− (B − L)(ℓˆ) ,
(11)
with the additional constraints
(B − L)(qˆ) = (B − L)(ℓ) ,
(B − L)(ℓˆ) = (B − L)(q) ,
(12)
so B(qˆ) = −1 and L(ℓˆ) = −1/3, as expected.
In this paper we pursue the possibility that the charge relations in Eqs. (4) and
(7), and the charge dequantization described in Eq. (9), are real, with B and L as
ungauged global symmetries, and quarks and leptons as the ultimate constituents
of ordinary matter. Thus the global, robust against local interactions, fractional
pieces of hypercharge 4(3B − L)/3 and 4(B − 3L)/3 as well as B − L should have
a topological character originated by a hidden or broken discrete electroweak sym-
metry between quarks and leptons, which allows mixing between underlying local
and topological integer charges. The idea that quarks and leptons may be entities
with topological structure has been discussed in the literature,12,13 but without
addressing Eqs. (4) and (7). In our previous work,8,9 we have studied the weak
topological charge underlying quarks referring only to Eq. (1), ignoring any charge
structure defined in terms of B and L, as in Eq. (9). Our aim is now to state the
principles/symmetries behind the described charge relations, show the way they
lead to such connections in the new scenario of preleptons, and resolve the above
puzzling questions.
The contents of this paper are organized as follows. In Sec. 2 we state the
principles which provide the physics rationale that sustain our known approach to
the above charge relationships between quarks and leptons. The problem of anomaly
cancellation which appears because of the charge structure in preleptons, but not
in leptons, is discussed in Sec. 3. The mentioned questions prompted by the SM
with Dirac neutrinos are answered in Secs. 4–7. Our conclusions and outlook are
presented in Sec. 8.
2. The Principles
Compatible with the points made in Sec. 1, we propose an extension of the SM with
Dirac right-handed neutrinos based on two principles.
(1) Principle of electroweak quark–lepton symmetry: there exists a hidden discrete
Z2 symmetry in the electroweak interactions of quarks and leptons.
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The basic and discrete symmetry between quarks and leptons postulated in this
principle is hidden in nature, broken in the hypercharge sector according to the sym-
metric pattern of Eqs. (1) and (4), and in the Yukawa sector where there are strong
differences of masses and mixing angles which are not yet understood, though an
universality can be realized where the leading mass or mixing matrices are the same
for all quarks and leptons and small corrections can make the whole difference.14
Equations (9) and (10), with hypercharges specified in Eq. (1), exhibit the integer
charges underlying quarks and fractional charges underlying leptons. These new
charge states are being referred to as prequarks and preleptons, respectively, and
the assumed discrete electroweak symmetry between prequarks and leptons, and
quarks and preleptons, which defines a Z2 group, is the so-called presymmetry.
9
We say that presymmetry is a dual symmetry in the sense that it operates for both
prequark–lepton and quark–prelepton systems. We also note that Majorana neu-
trinos are excluded from this picture because combinations of baryon and lepton
numbers appear as good global symmetries in the robust fractional pieces of charge
of Eqs. (4) and (9) as well as in Eq. (7).
(2) Principle of weak topological-charge confinement: observable particles have no
weak topological charge.
This principle takes care of the fact that all weak topological features have no
observable effects at the zero-temperature scale due to the smallness of the weak
coupling. But it gives us the necessary insights to discern the topological character
of the universal fractional piece of charge isolated in Eqs. (1), (4) and (9). We
emphasize that this principle is secondary to that of gauge confinement, in the
sense that electroweak forces by themselves cannot lead to actual confinement of
topologically nontrivial particles. In the case of quarks, confinement is due to strong
color confinement, in spite of our basic assumption that they appear as topologically
nontrivial in the weak sector.
According to the principle of weak topological-charge confinement, leptons and
hadrons have associated zero weak topological charge, in the sense of Eqs. (13)–(16)
set below. We first distinguish between the fractionally-charged and topologically-
trivial constituent quarks of the SM and the topological quarks of integer local
charge and nonzero weak topological charge of our model.8,9 The feature that in
baryons quarks are confined in threes requires at least a weak topological charge
associated with a bookkeeping Z3 charge, defining a nontrivial value +1 for topo-
logical quarks to have the equivalence between three topological quarks and three
constituent quarks. Hence, the 3 of this modulo charge in topological quarks, based
on counting, is due to the number of colors. In the symmetric scenario of integer
charged leptons and prequarks with zero Z3 charge, we shall see that the connection
between topologically-trivial prequarks and topological quarks is a vacuum tunnel-
ing event — a weak four-instanton — carrying positive topological charge, having
associated a +1 modulo charge, and occurring between their topologically inequiv-
alent weak gauge vacuum configurations. In the dual case of topological quarks and
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Fig. 1. Relations of presymmetric prequarks and leptons with presymmetric topological quarks
and topological preleptons. The index nW denotes the topological winding number of the associated
weak gauge vacuum configuration.
preleptons with fractional total charge, preleptons also have, because of presymme-
try, a Z3 charge equal to +1. The connection between topological preleptons and
leptons will be now a vacuum tunneling event, also a weak four-instanton, associ-
ated with a negative topological charge and a −1 Z3-charge. These symmetries and
relations are shown in Fig. 1. A similar mechanism operates for the change from
topological quarks to constituent quarks. We assume that the weak topological
vacua of leptons and constituent quarks are equivalent.
The assumed charge structure underlying quarks and leptons is at the end a
mixing between the charges invoked by the two principles: a local charge associated
as usual with the local field which creates the fermion and a topological charge
related to a weak instanton which cannot be generated by local operations.9 This
point is important and requires more clarification. To make it we adapt the general
topological-charge arguments given by Wilczek for having fractional charges.15 Us-
ing the suffix B to denote bare charges, the renormalized charge with two underlying
classes of charge quantized in integers is defined by the master-charge equation
QR = z
(0) Q
(0)
B + z
(3) Q
(3)
B , (13)
where the first charge is local and the second is topological, and z (0) and z (3) are
renormalization factors. We note in passing that renormalization does not modify
charges themselves, but only the means by which they are measured, i.e. couplings;
therefore any charge structure in the elementary fermions must have a topological
character. A conventionally normalized charge for a general state is the ratio of its
renormalized charge and the minimal renormalized local charge. It may be written
as
QN = Q
(0) +
z (3)
z (0)
Q(3) , (14)
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with an integer Q(0) and a ratio z (3)/z (0) that in a sense measures the induced
charge associated with a unit of topological charge. But, if the topological charge is
integer defined modulo 3, associated with the additive Z3 group, the renormalized
charge spectrum for Q(3) = 3 is the same as that for Q(3) = 0. This happens because
a topological charge 3 configuration, being topologically trivial, can be produced by
local operations. Then the ratio z (3)/z (0) between the units of the renormalized
topological and local charges must be restricted to the form
z (3)
z (0)
=
n
3
, (15)
with an integer n. Therefore the fractional piece of the normalized charge which has
a topological character will be always a multiple of 1/3. Furthermore, for simplicity,
it may be introduced at a normalized bare level as
QN = Q
(0) +
n
3
Q(3) , (16)
which leads to a normalized fractional charge that can be treated as an effective bare
local charge at a lower level of description. It is worth remarking that the modulo
charge Q(3) coming from the principle of weak topological-charge confinement is a
new index based on counting, different from the familiar winding and Pontryagin
topological numbers assigned to gauge field configurations;16 it will be specified in
Sec. 3 according to the values of B and L of the corresponding fermion.
We illustrate the meaning of Eq. (16) by considering the normalized electric
charge of quarks. Using the topological indexes n = 2 and Q(3) = 1 (see Sec. 3) we
obtain, just as in Eq. (2),
Q(uia) = Q
(0)(uia) +
2
3
Q(3)(uia) = 0 +
2
3
=
2
3
,
Q(dia) = Q
(0)(dia) +
2
3
Q(3)(dia) = −1 +
2
3
= −
1
3
,
(17)
where i denotes the color degree of freedom, Q(0) is integer as in the lepton partner,
and Q(3) is independent of flavor. The Z3 property of the Q
(3) charge, with the 3
related to color charge, means
Q(qiaq
j
bq
k
c ) = Q
(0)(qiaq
j
bq
k
c ) +
2
3
Q(3)(qiaq
j
bq
k
c ) = Q
(0)(qiaq
j
bq
k
c ) + 2 , (18)
with a bare three-quark set, as in baryons, of Q(3) = 3 (the neutral element of
the additive Z3 group) and two extra units of normalized charge shared, being
equivalent to an integer-charged system of Q(3) = 0 constituted by three quarks
with fractional charge. The combination with strong color confinement implies that
the three color indexes are different from each other. At the lower level of description
of the SM, the fractional charge of constituents quarks is regarded as local, encoding
the conservation of topological charge as discussed below.
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All of these cannot be applied to leptons in the same way, because they are
colorless particles. We shall argue in Sec. 4 that in this dual case Z3 is associated
with the number of generations, so that instead of Eq. (17) we have, usingQ(3) = −1,
Q(νa) = Q
(0)(νa) +
2
3
Q(3)(νa) =
2
3
−
2
3
= 0 ,
Q(ea) = Q
(0)(ea) +
2
3
Q(3)(ea) = −
1
3
−
2
3
= −1 ,
(19)
where now Q(0) is fractional as in the quark partner, Q(3) is independent of flavor,
and Q is integer. This implies
Q(ℓaℓbℓc) = Q
(0)(ℓaℓbℓc) +
2
3
Q(3)(ℓaℓbℓc) = Q
(0)(ℓaℓbℓc)− 2 , (20)
with three units of Q(3) charge making a trivial topology and inducing an entire
charge, though leptons themselves are integer charged and topologically trivial, as
seen from Eqs. (17) and (19) by invoking presymmetry, and do not confine. Again,
at the level of description of the SM, the entire charge of leptons is simply regarded
as local, ignoring the cancellation of the fractional part of topological character.
Other insights are discussed in the next sections.
In Refs. 8 and 9 we account for the fractional charge of quarks relative to leptons,
as in Eqs. (1) and (2), under the assumption that only integral bare hypercharges are
totally associated with local fields. In the end the integer n in Eq. (16) is identified
as a weak topological charge or Pontryagin index associated with the infinite addi-
tive group Z, i.e. a genuine integer, not modulo 3. We do start with quarks having
an integer local bare charge together with an exact electroweak discrete symmetry
between bare quarks and leptons, and end along the line exposed above with quarks
having fractional bare charges and a broken or hidden symmetry. The special fea-
ture is that this breaking has a timelike topological character related to a tunneling
transition from a boundary vacuum configuration of weak gauge fields at the far
past to a topologically different boundary vacuum configuration at the far future —
a weak four-instanton. The finite universal 4/3 part of the quark hypercharge in-
deed gets a topological meaning. The factor 4 is the topological charge of the four-
instanton fixed by the requirement of gauge anomaly cancellation and the 3 is due
to the color number. It is important to note that the value of this topological in-
dex is independent of the overall normalization of Y in Eq. (3). Also, the charge
normalization to SM values at the bare level, demanded by anomaly cancellation,
and the zero topological charge in hadrons effectively remove the extremely large
time scale associated with weak topological effects on quarks, which is set by the
smallness of the weak gauge coupling in the phase of the zero-temperature scale of
the model.
3. Preleptons and Presymmetry
Here we apply the methodology developed in Refs. 8 and 9 to the new symmet-
ric scenario of quarks and preleptons, now including the bookkeeping charge from
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the additive Z3 group, and making clear the gauge-field solution associated with
topological preleptons and topological quarks. All of these will provide the clues
to answer the above pressing questions on the SM with Dirac neutrinos. To make
the point, we follow the principle of electroweak quark–lepton symmetry and start
out with the dual scenario of constituent quarks and leptons in which the frac-
tional quark hypercharges are local and the integral hypercharge of leptons relative
to quarks relies just on the universal −4/3 value, independent of flavor and hand-
ness, whose topological character will be exposed from the requirement of anomaly
cancellation and the principle of weak topological-charge confinement. In this case,
Eqs. (13)–(16) are used with a fractional Q(0) and an integer Q. We denote leptons
with fractional bare charges, the so-called preleptons, by hats over the symbols that
represent the corresponding leptons. Both scenarios of prequarks and preleptons
would be used by nature. The relevant points are the hidden presymmetry and the
topological character of the fractional charge piece that normalizes the prequark
and prelepton local charges to the SM values.
It is assumed that each prelepton has the spin, weak isospin, and flavor of the
corresponding lepton. Its bare weak hypercharge is the same as in its quark partner
specified in Eq. (1) and its bare electric charge is defined according to Eq. (3). Thus,
in this scenario all local bare charges in fermions are fractional. The fractional lepton
number of preleptons can be fixed through the leptonic version of the Gell-Mann–
Nishijima formula for quarks:
Q =
1
2
(−L+ Le + Lνe + Lµ + Lνµ + Lτ + Lντ ) , (21)
where Le, . . . , Lντ denote (pre)lepton flavors. This formula must hold for preleptons
if we are to generate leptons from them. The result L(ℓˆ) = −1/3 agrees with that
obtained from Eqs. (10) and (12), giving consistency to the whole picture. Tables 1
and 2 list the quantum numbers which, together with the spin 1/2, define preleptons.
From these, presymmetry and so the electroweak discrete Z2 symmetry, which relate
bare quarks and preleptons, are easily perceived. Again, we note that the baryon
minus lepton number B−L is the meaningful quantum number to be consider under
presymmetry between quarks and preleptons.
At the classical level, we take the point of view that what fields with and how
preleptons (and prequarks) interact are dictated by the SM,16 with a Lagrangian
that looks the same as that of quarks and leptons excepting hypercharge couplings
and incorporation of Dirac right-handed neutrinos. Analytically, presymmetry is
then invariance of the bare electroweak Lagrangian for quarks and preleptons under
the flavor transformation
uiaL ↔ νˆaL , u
i
aR ↔ νˆaR , d
i
aL ↔ eˆaL , d
i
aR ↔ eˆaR , (22)
with no change for the standard gauge and Higgs fields.
The fractional hypercharge of preleptons leads, however, to the appearance of
triangle gauge anomalies at the quantum level. In Ref. 9 these were eliminated in
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Table 1. Prelepton additive quantum numbers.
Prelepton νˆe eˆ νˆµ µˆ νˆτ τˆ
L (lepton number) −
1
3
−
1
3
−
1
3
−
1
3
−
1
3
−
1
3
Q (electric charge)
2
3
−
1
3
2
3
−
1
3
2
3
−
1
3
Lνe (electron neutrinoness) 1 0 0 0 0 0
Le (electroness) 0 −1 0 0 0 0
Lνµ (muon neutrinoness) 0 0 1 0 0 0
Lµ (muoness) 0 0 0 −1 0 0
Lντ (tau neutrinoness) 0 0 0 0 1 0
Lτ (tauness) 0 0 0 0 0 −1
Table 2. Weak isospin and hypercharge of preleptons.
Prelepton νˆaL eˆaL νˆaR eˆaR
T
1
2
1
2
0 0
T3
1
2
−
1
2
0 0
Y
1
3
1
3
4
3
−
2
3
the context of prequarks by adding Chern–Simons counterterms to the Lagrangian
of the system. We now work out this problem in the scenario of preleptons and
in light of the principle of weak topological-charge confinement, which introduces
a bookkeeping charge modulo 3. Although this part reproduces more or less the
contents of our previous work, we consider it necessary to clarify the key topological
arguments of our approach with the new insights gained in the present formulation.
Following standard literature,16 it is found that the U(1)Y gauge current of
constituent quarks and preleptons
JˆµY = qaLγ
µY
2
qaL + qaRγ
µY
2
qaR + ℓˆaLγ
µY
2
ℓˆaL + ℓˆaRγ
µY
2
ℓˆaR , (23)
exhibits the U(1)Y [SU(2)L]
2 and [U(1)Y ]
3 anomalies:
∂µJˆ
µ
Y = −
g2
32π2

 ∑
qL,ℓˆL
Y
2

 tr WµνW˜µν
−
g′
2
48π2

 ∑
qL,ℓˆL
Y 3
23
−
∑
qR,ℓˆR
Y 3
23

Fµν F˜µν , (24)
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where g, g′ and Wµν , Fµν are the SU(2)L, U(1)Y couplings and field strengths,
respectively, W˜µν and similarly F˜µν is defined by
W˜µν =
1
2
ǫµνλρ W
λρ , (25)
and the hypercharge sums run over all the fermion representations. The anomalies
appear because these sums do not vanish.
The terms on the right-hand side in Eq. (24) are divergences of gauge-dependent
currents which can be written in the form
∂µJˆ
µ
Y = −Nℓˆ ∂µJ
µ
T , (26)
where N
ℓˆ
= 4Ng is the number of left- and right-handed preleptons, Ng denotes the
number of generations, and
JµT =
1
4N
ℓˆ
Kµ
∑
qL,ℓˆL
Y +
1
16N
ℓˆ
Lµ

 ∑
qL,ℓˆL
Y 3 −
∑
qR,ℓˆR
Y 3

 = 1
6
Kµ −
1
8
Lµ . (27)
It is worth noting that the last equality in Eq. (27) is independent of the over-
all normalization of Y in Eq. (3). The Kµ and Lµ are the topological currents or
Chern–Simons classes related to the SU(2)L and U(1)Y gauge groups, respectively.
They are given by
Kµ =
g2
8π2
ǫµνλρ tr
(
Wν∂λWρ −
2
3
igWνWλWρ
)
,
Lµ =
g′
2
12π2
ǫµνλρAν∂λAρ .
(28)
A new current can now be defined from Eq. (26):
JµY = Jˆ
µ
Y +Nℓˆ J
µ
T , (29)
which is conserved but it is gauge-dependent. The presymmetric local counterterm
to be added to the bare Lagrangian of quarks and preleptons, needed to obtain this
anomaly-free current, is
∆L = g′N
ℓˆ
JµTAµ , (30)
so that, due to the antisymmetry of ǫµνλρ, only the non-Abelian fields will be
topologically relevant, as expected. It is also gauge noninvariant. However, it has
nontrivial topological attributes to be described in the following, which allow to solve
all problems at once. In fact, presymmetry has available a degree of freedom which
can be chosen conveniently through this counterterm to restore gauge invariance.
Certainly, a fixed nonzero value breaks such a symmetry. The parameter we are
referring to is the topological charge or Pontryagin index.
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Actually, the charge corresponding to the current in Eq. (29) is not conserved
because of the existence of the topological charge associated with gauge fields. To
see this, the charge change between t = −∞ and t = +∞ is calculated, concentrat-
ing on Euclidean space–time solutions which have well-defined integer topological
charges.17 This is because in our approach the prelepton–lepton and prequark–
quark transitions are in the end vacuum tunneling events in Minkowski space–time
at the zero-temperature scale — weak instantons. As usual, it is assumed that
the region of space–time where the energy density is nonzero is bounded. There-
fore this region can be surrounded by a three-dimensional surface with the vac-
uum at this boundary on which the field configuration becomes pure gauge, i.e.
Wµ = −(i/g)(∂µU)U
−1 where the transformation U takes values in the correspond-
ing gauge group. In this case, using Eqs. (27)–(29) just for the pure gauge fields,
such a charge becomes, independently of the overall normalization of Y in Eq. (3),
QY (t) =
∫
d3x JoY =
N
ℓˆ
6
nW (t) , (31)
where
nW (t) =
1
24π2
∫
d3x ǫijk tr(∂iUU
−1∂jUU
−1∂kUU
−1) (32)
is the topological winding number of the SU(2)L gauge transformation. This number
is integer-valued if we consider a fixed time t and assume that U → 1 for |x| → ∞.
This U is then a map from an equal time sphere S3 onto the sphere of parameters S3
of the SU(2)L group manifold. These maps are classified according to the homotopy
classes which are labelled by an integer topological index. The integral given by
Eq. (32) computes this integer. For the Abelian case, nW = 0.
Consequently, for the gauge field configurations associated with preleptons which
at the initial t = −∞ and the final t = +∞ are supposed of the above pure gauge
form at the boundary with different winding numbers, the change in charge is
∆QY =
N
ℓˆ
6
[nW (t = +∞)− nW (t = −∞)] . (33)
This difference between the integral winding numbers can be represented by the
topological charge defined by
QT =
∫
d4x∂µK
µ =
g2
16π2
∫
d4x tr(WµνW˜
µν) , (34)
where the integration is over all of (Euclidean) space–time, assuming that Ki de-
creases rapidly enough at spatial infinity. In our Euclidean approach with pure gauge
configurations, this topological index is gauge invariant, conserved and integer-
valued. Then we have
QT = Q
(3)n = nW (t = +∞)− nW (t = −∞) , (35)
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so producing an integer winding number change. Using gauge freedom we can set
nW (−∞) = 0 or nW (+∞) = 0 and interpret the topological charge as the winding
number of the gauge configuration to which the field tends or starts from. Assuming
these values and the above principles, together with the topological charge we have
introduced the Z3 counting number Q
(3), equal to ±1 for nontrivial topology and 0
for trivial topology, just as if the topological number were itself a proper Z3 charge,
whose crucial modulo property is exclusively due to those principles, although lep-
tons do not confine. Therefore the change in winding number is also determined by
the charge defined modulo 3.
We emphasize that the integral topological charge in Eq. (34) is associated with
an Euclidean field configuration that, according to Eq. (35), interpolates in imag-
inary time between the real time pure-gauge configurations in the far past and
future which have different topological winding numbers. The condition is the one
established for instantons. Thus the continuous interpolation is considered as a
tunneling process in Minkowski space–time, where all fields (fermions and bosons)
really reside, so that a barrier must separate the initial and final vacuum gauge field
configurations. If the analytical continuation to Euclidean space–time is not made,
a nonzero topological charge implies a nonvanishing energy density at intermediate
real time and then no conservation of energy.
Equation (33) can then be written as
∆QY = Nℓˆ
n
6
Q(3) . (36)
A consequence of this result is that, because of the global character of the topological
index n and the modulo charge Q(3), N
ℓˆ
preleptons have to change their Y/2 in the
same amount nQ(3)/6. For each prelepton it implies the hypercharge shift
Y (ℓˆ)→ Y (ℓˆ) +
n
3
Q(3)(ℓˆ) , (37)
hence giving an extra contribution which changes its initial fractional bare value,
just as if the Z3 charge were a proper topological charge and the index n were an
integer to be fixed from the condition of anomaly cancellation. So the charge in
preleptons does not only depend on fields at a single instant of time, but also on
flow of current at infinity. On the other hand, to make sense of this bare charge nor-
malization we invoke Eqs. (13)–(16) with a fractional Q(0) just as in the topological
quark partner, defining Q(3) = −1 for the charge added to topological preleptons.
This is done because Q(3) = 1 in presymmetric topological quarks and preleptons,
whereas leptons have Q(3) = 0 and do not confine (see Fig. 1).
From Eq. (9), it is natural to associate the Q(3) attached to preleptons (pre-
quarks) with the following combination of B and L:
Q(3) = −(B − 3L) , (38)
noting that three preleptons (prequarks) make a system of Q(3) = −3(+3), the
neutral element of the additive group Z3, though leptons do not confine.
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Now the gauge anomalies must be recalculated. As in the dual scenario of
prequarks,8,9 it is found that they are cancelled for n = 4, independently of the
overall normalization of Y , because∑
qL,ℓL
Y = 0 ,
∑
qL,ℓL
Y 3 −
∑
qR,ℓR
Y 3 = 0 . (39)
Thus, from Eq. (35) with Q(3) = −1 and n = 4, we conclude that the symmetric
topological preleptons and topological quarks have associated vacuum gauge field
configurations of winding number nW = 4, if we use gauge freedom to set nW = 0
for the topological vacuum in leptons and constituent quarks. The prelepton–lepton
transformation is then a vacuum tunneling event, corresponding to a QT = −4 weak
instanton (see Fig. 1). Similarly, in the prequark–lepton scenario, the transition from
prequarks with nW = 0 vacuum configuration to topological quarks with nW = 4,
and next to constituent quarks having nW = 0, is via QT = 4 and QT = −4 weak
instantons, respectively, with three topological quarks being equivalent to three
constituent quarks.
The hypercharge normalization in Eq. (37) with Q(3) = −1 and n = 4 agrees
with Eq. (9), and so with Eqs. (1) and (4). From Eqs. (3) and (21), this also implies
shifts in prelepton bare charges equal to
∆Q =
1
2
∆Y = −
2
3
(B − 3L) = −
2
3
,
∆L = −2∆Q =
4
3
(B − 3L) =
4
3
.
(40)
The addition of these universal fractional charges to the fractional quantum numbers
of preleptons gives the integer bare charges of leptons.
It is worth remarking that the gauge current of fractional-charged quarks and
preleptons in Eq. (23) is indeed an effective local current in the sense that these
particles have an underlying charge structure according to presymmetry and the
dual prequark–lepton description based on integer local charges. Such a charge
structure in topological preleptons disappears from leptons because of the weak
four-instanton effect.
The above charge normalization leads to restoration of gauge invariance, break-
ing of presymmetry in the Abelian sector, dressing of preleptons into integer-charged
bare leptons, and the substitution of the bare presymmetric model by the SM with
Dirac neutrinos. In fact, from Eqs. (27) and (39) we note that the gauge-dependent
topological current JµT is cancelled. But, the corresponding topological charge is
gauge invariant and manifests itself as a universal part of the prelepton hyper-
charge according to Eq. (9). More precisely, if we consider the bare topological
current N
ℓˆ
JµT in Eq. (30) which causes the hypercharge obtained in Eq. (36), we
can define an effective prelepton local current Jˆµ
Y,eff by
Jˆµ
Y,eff = −
2
3
(
ℓˆaLγ
µ(B − 3L)ℓˆaL + ℓˆaRγ
µ(B − 3L)ℓˆaR
)
(41)
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to absorb their effects, i.e. gauge anomaly cancellation, trivial topology, and induced
charge −2(B − 3L)/3 on preleptons regardless of flavor, handness, and overall nor-
malization of Y in Eq. (3). Thus Eq. (29) takes the gauge-independent form
JµY = qaLγ
µY
2
qaL + qaRγ
µ Y
2
qaR + ℓˆaLγ
µ Y − 4(B − 3L)/3
2
ℓˆaL
+ℓˆaRγ
µY − 4(B − 3L)/3
2
ℓˆaR . (42)
At this point, preleptons with integral local hypercharge, which effectively includes
the finite universal −4(B − 3L)/3 part, have to be identified with the topologi-
cally trivial standard bare leptons, which are the ones to start with in the usual
quantum field theory analysis (see Eq. (16)); after this bare charge normalization,
quantum anomalies are absent to all orders of perturbation theory. The replacement
of preleptons by leptons in the weak and Yukawa sectors is straightforward as they
have the same flavors and weak isospins. On the other hand, the explicit charge
normalization to standard values at the bare level, required by anomaly cancella-
tion, and the zero topological charge in leptons effectively get rid of the extremely
large time scale associated with weak topological effects on preleptons, occurring
in general if the gauge fields are assumed to remain in the small coupling regime,
i.e. in the phase of the zero-temperature scale of the model.18 Of course, the above
results obtained in the scenario of quarks and preleptons, somewhat duplicate those
found in the dual scenario of prequarks and leptons.8,9
4. Triplication of Fermion Families
In the framework of bare leptons with integer local charges, the number 3 by which
the index n = 4 is divided in Eq. (1), i.e. the order of the additive group Z3
associated with the topological charge in bare quarks, corresponds to the color
number Nc.
9 This is also seen from Eq. (4) since each quark has a baryon number
fixed by its number of colors:
B(q) =
1
Nc
. (43)
However, in the present dual scenario of local quark charges, the 3 cannot be in-
terpreted in the same manner because color is not a quantum number of leptons.
Clearly, quarks and leptons have to be treated differently in the explanation of the
number 3 in the additive group Z3. In the lepton sector, it must be associated
with a numerable property of leptons and the number of families N
(ℓ)
g is the only
available degree of freedom that can take the value 3. In other words, whereas the
partition of topological charges in the scenario with prequarks is according to the
number of colors, the partition in the scenario with preleptons must be according
to the number of generations. Therefore to relate the 3 in Eq. (37), i.e. the order
of the additive group Z3 for the topological charge in colorless preleptons, with the
number of lepton families is unavoidable. It would be surprising that this number 3
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in Z3 does not be connected to the number of generations, considering the fact that
the SM offers no explanation for the existence of three generations. From our point
of view, this explanation comes in terms of our two principles if we make the as-
sumption that the partition of topological charges must be explained by physics of
the SM: first, the family replication is to provide the degree of freedom by means of
which the required partition of topological charges in the colorless lepton sector, ac-
cording to the principle of weak topological-charge confinement, is possible. Second,
the number of families is fixed by the presymmetry introduced with the principle
of electroweak quark–lepton symmetry, which relates the partition of topological
charges in the lepton and quark sectors. Thus, presymmetry gives a connection be-
tween the number of generations and the number of colors, and so the reason for
the existence of just three generations. This correlation takes place because of the
above assumption on the partition of topological charges. Otherwise, there might
be as well more physics which could explain the number 3 in the additive group
Z3 of the lepton sector, leaving no argument for its connection with the number of
generations.
The factor in realizing this approach is simply and directly that each prelepton
has a lepton number defined by its number of families:
L(ℓˆ) = −
1
N
(ℓ)
g
. (44)
Therefore, while in the case of presymmetric prequarks and leptons we have
(B − L)(qˆ) = (B − L)(ℓ) = −1 , (45)
in the case of preleptons and quarks presymmetry implies
(B − L)(ℓˆ) =
1
N
(ℓ)
g
= (B − L)(q) =
1
Nc
=
1
3
, (46)
so that N
(ℓ)
g = Nc = 3.
On the other hand, if Eq. (9) is used to have the hypercharge of each prelep-
ton and then the coefficient of Kµ in Eq. (27) is calculated, we end up with the
hypercharge shift
∆Y (ℓˆ) = −nQ(3)L(ℓˆ) =
n
N
(ℓ)
g
Q(3)(ℓˆ) (47)
in Eq. (37). This leads to the result ∆Y (ℓˆ) = −4/3 if Q(3) = −1. Similarly, in the
scenario of prequarks, it can be shown that9
∆Y (qˆ) = −
n
Nc
Q(3)B(qˆ) =
n
Nc
Q(3)(qˆ) , (48)
and the result ∆Y (qˆ) = 4/3 if Q(3) = 1. Equations (47) and (48) exhibit the required
meaning of the 3 in the hypercharge relationships of Eqs. (1), (4) and (9), which
validate Eq. (44). The general rule for the modulo charge of the four-instanton
configuration for preleptons and prequarks has been given in Eq. (38).
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In a sense, our solution of the fermion family problem involves a quark (charge)
structure and a (hidden) quark–lepton family symmetry. The key point turns out to
be presymmetry which in the end requires N
(ℓ)
g = N
(q)
g and N
(ℓ)
g = Nc, correlating
the number of quark–lepton generations with the number of quark colors as put
forward in Ref. 19; this correlation is not really surprising in models that advocate
a non-Abelian duality in quark–lepton physics.20
5. Topological Charge and Conservation of B − L
The underlying topologically nontrivial gauge field configuration in bare leptons
suggests to associate a bookkeeping charge with leptonic matter. If we consider that
an effective fractional topological charge equal to QT = nQ
(3)/Nℓ = −1/Ng (using
n = 4 and Q(3) = −1) can be associated with each bare lepton, the following rule for
the one associated with leptonic matter is obtained now taking Q(3) = 3B−L from
Eq. (10): QT = −L/Ng. Moreover, taking into account that in the dual scenario
the effective topological charge in baryons is QT = nQ
(3)/Nq = B/Ng,
9 the general
result appears to be
QT =
B − L
Ng
. (49)
We see that the topological charge labels topological preleptons and topological
quarks. At the lepton and quark bare level of the SM, it is encoded into the book-
keeping charge defined in Eq. (49). Also, conservation of the effective topological
charge in local interactions implies B − L conservation, which in turn forbids neu-
trino mass terms of Majorana type. This outcome is consistent with presymmetry
which requires Dirac neutrinos.
The consistency of the definition of the bookkeeping charge in Eq. (49) can be
seen, for example, in baryon plus lepton number (B+L) nonconservation processes
associated with axial anomalies in the field of weak instantons.18 It is sufficient to
recall that for three generations, one weak instanton characterized by a topological
charge QT = 1, not modulo 3, forces via the anomaly baryon and lepton number
violations in three units: ∆B = ∆L = −3, matching three baryons or nine quarks
and three antileptons. A decay such as p+ n+ n → e+ + ν¯µ + ν¯τ is then allowed,
with an extremely large lifetime (exceeding the lifetime of the Universe) typical of
weak topological effects in the zero-temperature phase. But, three antileptons make
precisely the same topological charge of the weak instanton. Thus the definition in
Eq. (49) brings back topological charge conservation in quantum flavor dynamics.
In fact, in Minkowski space–time one weak instanton corresponds to a process in
which a topological charge QT = 1 is carried out. It induces a process with effective
topological charge QT = 1 associated with the generation of three antileptons.
Similarly, the three baryons make an effective topological charge QT = 1, so that
the bookkeeping charge defined in Eq. (49) is conserved.
Next we show that there is also a direct link between B−L and the charge modulo
3 based on counting, which is apparent from Eqs. (11), (47) and (48). By taking
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into account the principle of weak topological-charge confinement and presymmetry
we are led to define the following Z3 charges for (pre)quarks and (pre)leptons:
Q(3)(q) = 1 , Q(3)(ℓ) = 0 , Q(3)(qˆ) = 0 , Q(3)(ℓˆ) = 1 . (50)
The weak field boundary in prefermions and fermions are in different homotopy
classes and connected by the weak four-instanton associated with Q(3) = 1 for
prequarks and Q(3) = −1 for preleptons, as defined by Eq. (38). Its addition to
the Z3 charge of prequarks and preleptons gives the correct charge of quarks and
leptons, respectively (see Fig. 1). Consequent with Eqs. (43), (44) and (50), we find
the relation
Q(3) = Ng(B − L) , (51)
which provides us with a rule to assigning modulo charge to matter, given the ones
associated with (pre)quarks and (pre)leptons. The conservation of Q(3) in local
interactions is the corresponding conservation of B−L. It is notable that Eqs. (38),
(47), (48) associated with the weak four-instanton and (51) related to (pre)fermions
themselves be consistent with Eq. (11). By combining Eqs. (49) and (51) we also
have
Q(3) = N2gQT . (52)
6. Charge Quantization and Ungauging of B − L
We now describe the way our approach leads to charge quantization. It is known that
charge becomes dequantized if the right-handed neutrinos are included in the SM.
In fact, constraints of anomaly cancellation and nonvanishing of all Dirac fermion
masses lead to hypercharges which depend on an arbitrary parameter ǫ as21
Y (uaL) =
1
3
−
ǫ
3
, Y (νaL) = −1 + ǫ ,
Y (daL) =
1
3
−
ǫ
3
, Y (eaL) = −1 + ǫ ,
Y (uaR) =
4
3
−
ǫ
3
, Y (νaR) = ǫ ,
Y (daR) = −
2
3
−
ǫ
3
, Y (eaR) = −2 + ǫ .
(53)
It has been also noted that the nonstandard hypercharge piece is proportional to
B − L. So right-handed neutrinos lead to hypercharge dequantization via the non-
standard formula
Y = YSM − ǫ(B − L) , (54)
and then electric charge dequantization according to
Q = QSM −
ǫ
2
(B − L) . (55)
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The gauging of this combination does not affect the consistency of the SM and its
agreement with experiment is maintained if ǫ is taken small enough. Nevertheless,
it has been observed that an extension of the SM with Majorana masses to the
right-handed neutrinos restores charge quantization because ǫ = 0, and B−L is no
more an exact symmetry.
We will demonstrate, however, that the realization of presymmetry in the SM
with Dirac neutrinos, the principle of weak topological-charge confinement, and the
weak topological character of B−L, ensure the charge quantization and ungauging
of B − L.
First we note that, due to the relation in Eq. (51), charge dequantization is via
the topological Z3 charge in both quark–prequark and lepton–prelepton systems.
Secondly we remark that this dequantization does not break presymmetry. In fact,
the dequantization of topological charge becomes evident once Eq. (4) is changed
to include the ǫ parameter:
Y (q) = Y (ℓ)−
4
3
(1− ǫ)(3B − L)(ℓ) ,
Y (ℓ) = Y (q)−
4
3
(1− ǫ)(3B − L)(q) ,
(56)
with Y as in Eq. (54). Presymmetry still holds and Eq. (9) becomes modified in the
same way:
Y (q) = Y (qˆ)−
4
3
(1− ǫ)(B − 3L)(qˆ) ,
Y (ℓ) = Y (ℓˆ)−
4
3
(1− ǫ)(B − 3L)(ℓˆ) .
(57)
On the other hand, Eq. (11) is also altered as follows:
Y (q)− (1− ǫ)(B − L)(q) = Y (qˆ)− (1− ǫ)(B − L)(qˆ) ,
Y (ℓ)− (1 − ǫ)(B − L)(ℓ) = Y (ℓˆ)− (1− ǫ)(B − L)(ℓˆ) .
(58)
From Eqs. (47), (48), (57) and (58), it is now clear that the dequantization of the
topological Z3 charge takes the form
Q(3) = (1− ǫ)Q
(3)
SM , (59)
where Q
(3)
SM is defined in Eq. (51) for (pre)quarks and (pre)leptons and in Eq. (38)
for the four-instanton field configuration attached to prequarks and preleptons.
However, this result contradicts our hypothesis that Q(3) is a Z3 number since ǫ is
an arbitrary small parameter. Hence ǫ = 0, which leads to charge quantization and
ungauging of B − L, with quarks and leptons having the proper hypercharge and
electric charge values. From Eqs. (56) and (57) we also see that the value of the
topological index n = 4, instead of n = 4(1 − ǫ), physically means electric charge
quantization.
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7. Fractional Charge Confinement
Many strong arguments and techniques have been developed that have elevated
gauge confinement into an accepted principle.22 According to this principle, the
only observable gauge states of an exact Yang–Mills gauge theory with the property
of asymptotic freedom are those that are singlets under the corresponding gauge
symmetry. This principle rests on the local action of non-Abelian gauge fields. There
are no doubts that quark confinement inside hadrons arises as a result of color
confinement. However, as discussed in Sec. 6, the charge allocation is arbitrary
if the SM is modified only by the addition of Dirac right-handed neutrinos. It is
not understood, for example, why there are no fractionally charged hadrons made
of colored quarks. Clearly, the answer must be provided by the same theoretical
framework used to understand the origin of charge quantization.
Within our context, the no existence of free matter with fractional electric charge
is a logical consequence of the principles of presymmetry and weak topological-
charge confinement, which explain charge quantization. Starting from these princi-
ples we have shown a dequantization of the quark electric charge according to
Q(q) = Q(qˆ) +
2
3
Q(3)(qˆ) , (60)
where Q(3)(qˆ) is defined in Eq. (38), then providing a topological explanation of
its fractional value. It has a local part equal, by presymmetry, to the integer local
charge of the lepton partner. The other flavor-independent fractional piece has a
topological character which is induced by an integer topological charge associated
with a weak four-instanton event and a modulo charge Z3 coming from the principle
of weak topological-charge confinement. Both the one-third and the order of the
modulo charge of this topological part are due to the number of quark colors. The
no existence of fractionally charged hadrons is therefore related to the absence of
topological effects on their physical properties. But, this latter feature is guaranteed
from the beginning by the principle of weak topological-charge confinement.
In the quark model, hadrons are either bound states of one quark and one
antiquark (mesons) or states of three quarks (baryons). In both of these cases we are
left with the neutral Q(3) charge and topologically trivial integer-charged particles:
Q(qq¯) = Q(qˆ ˆ¯q) +
2
3
Q(3)(qˆ ˆ¯q) = Q(qˆ ˆ¯q) ,
Q(qqq) = Q(qˆqˆqˆ) +
2
3
Q(3)(qˆqˆqˆ) = Q(qˆqˆqˆ) + 2 .
(61)
In a sense the electric charge of hadrons is due to the integer electric charge of
prequarks and in the case of baryons with two extra units of universal character.
No fractionally charged hadrons can be produced. It is worth remarking, however,
that the topological-charge confinement is secondary to the gauge confinement as
electroweak forces by themselves cannot lead to actual confinement. Quarks are the
physical particles and their confinement is due to their strong color interactions,
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but presymmetry and the secondary weak topological-charge confinement account
for their fractional charges, so explaining why there are no fractionally charged
hadrons. We may say that fractional electric charge is also confined.
8. Conclusions
We have answered fundamental questions unresolved by the SM with Dirac right-
handed neutrinos relying on a hidden discrete electroweak symmetry between quarks
and leptons, a Z2 symmetry which has been formalized with a principle of elec-
troweak quark–lepton symmetry; there is no such a symmetry in the SM because
neutrinos are taken massless and no right-handed neutrinos are introduced. This
symmetry is inferred from the one-to-one constraints given in Eq. (1) which, if not
accidental, exhibit integer (fractional) hypercharges underlying quarks (leptons) and
a global 4/3 shift, independent of flavor and handness, associated with baryon and
lepton numbers as in Eq. (4). To understand this pattern, the new quark (lepton)
states of prequarks (preleptons) with integer (fractional) charges have been added
to the SM with Dirac neutrinos. The discrete prequark–lepton (quark–prelepton)
presymmetry generates the hidden Z2 symmetry. A principle of weak topological-
charge confinement, which is secondary to the strong gauge confinement of colored
quarks, has also been stated, guaranteeing that weak topological effects do not show
up at the level of observable particles at zero temperature. And using well-known
topological properties of gauge fields, we have found that topological quarks and
topological preleptons have underlying integer topological charges, associated with
an additive group Z3, whose modulo order is related to the number of quark colors
and quark–lepton families. These topological charges induce the exposed charge shift
and the breaking of presymmetry. Our conclusion is that the primordial electroweak
gauge-field difference between topological quarks and leptons is the nonequivalence
between the topological vacua of their weak field configurations, produced by a weak
four-instanton which carries the topological charge, induces the universal fractional
piece of charge needed for charge normalization, and breaks presymmetry.
To make clear the true character of the elements of our model, we note that
prequarks and preleptons, and so the charge structure of confined quarks, have no
direct experimental manifestations; leptons have no charge structure. Neither pre-
quarks and preleptons are new particles with definite mass values nor the associated
presymmetry has a mass scale breaking. Moreover, preleptons are neither observ-
able nor confined particles. Prequarks and preleptons are simply massless timelike
pre-states of quarks and leptons, respectively, which may be seen as suitable math-
ematical entities out of which to build up the actual particle states. The model of
prequarks and preleptons is not to be taken literally as a dynamical model such
that their interactions can determine properties of quarks and leptons as mass and
mixing angles. Although our starting point at the bare level considers prequarks and
preleptons as interacting with the standard gauge and Higgs fields in the usual way,
with a Lagrangian that looks the same as that of the SM with quarks and leptons
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excepting hypercharge couplings and incorporation of Dirac right-handed neutri-
nos, they are not the particles that do the job with the physical W± and Z0 weak
bosons, photons, gluons, and Higgs boson of the SM. Prequarks and preleptons are
no physical states and even no gauge proper states due to gauge quantum anoma-
lies. It is worth recalling that in the original model of quarks, they were presented
as mathematical unities. They ended up, however, as real dynamical particles. We
now claim that prequarks and preleptons are indeed the authentic mathematical
entities underlying the physical particle states.
Nevertheless, our model has several phenomenological implications. It explains
the fractional charge of quarks and the quark–lepton charge relations. It predicts
that the number of fermion generations has to be equal to the number of quark
colors. It predicts B−L conservation and so the ungauging of B−L and the Dirac
character of massive neutrinos. It accounts for the topological charge conservation
in quantum flavor dynamics. Finally, it explains charge quantization and the no
observation of fractionally charged hadrons.
We have argued that the charge normalization to SM values, demanded by
anomaly cancellation, and the zero topological charge in leptons and hadrons ef-
fectively remove the extremely large time scale associated with weak topological
effects, occurring in general if the weak gauge fields are assumed to remain in the
small coupling regime, i.e. in the phase of the zero-temperature scale of the model.
Our results certainly mean an improvement of the conceptual foundations of the
SM; if presymmetry is not recognized as a hidden symmetry in the SM modified
by Dirac right-handed neutrinos, then the number of generations cannot be fixed,
charge allocation can be arbitrary though restricted by the anomaly cancellation
and nonvanishing of fermion masses, B − L can be gauged, and the absence of
fractionally charged hadrons cannot be understood, despite the quark confinement
due to QCD. However, a new physics would remain to be discovered to understand
any dynamics that may address many other problems left open, such as the mass
hierarchies.
On the other hand, the model may need extensions to be further substantiated
and have indicated indirectly new experimentally observable predictions. The main
motivation comes from the fact that the hidden presymmetry relates quarks with
leptons which do not have the strong QCD interactions, so that the Z2 symmetry
is not a property of the whole Lagrangian of the system. A particularly promis-
ing idea that oversteps this limitation and leads to a rich phenomenology beyond
the SM is to extend presymmetry from matter to forces, so that symmetric bare
quarks and leptons interact with symmetric gauge bosons, i.e. follow the principle of
electroweak quark–lepton symmetry in its strongest form. This would require sym-
metric exotic quarks and leptons as those assumed in Ref. 23, which allow to have a
Z2 symmetry over the strong interaction sector and a symmetric duplication of the
gauge group of the SM and its unifying expansions. It is worth noting here that the
three new families of quarks must have a new color degree of freedom in order to not
contradict the conclusion that the number of generations and the number of quark
Electroweak Quark–Lepton Symmetry 23
colors have to be equal, although the corresponding exotic matter must decay into
ordinary matter rapidly enough to not contravene the cosmological evidences on the
absence of exotic baryons. We are currently considering this interesting presymmet-
ric extension and hope to report on our findings elsewhere. In addition, our study
may be further extended to the high-temperature phase of the model, at the scale
of the electroweak transition, where the weak topological effects become important
without violating the principle of topological-charge confinement.
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